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(54) Advanced maintenance system for aircraft and military weapons 



(57) An equipment maintenance system (10) com- 
prises a central data storage warehouse (16) for elec- 
tronically storing technical information and for providing 
on-line technical assistance for repairing the equipment 
A data transceiver (12) transmits data to and receives 
data from the central data storage warehouse (16). A 
communications link (22. 26. 28. 30) between the cen- 
tral data storage warehouse (16) and the wireless data 
transceiver (12) enables accessing of the technical 
information from the central data storage warehouse 
I"!®) b y the data transceiver (12 ). The test means ident i- 
fies fail^ system components and minimizes occur- 
rences of false BIT flags, unnecessary system 
maintenance and removal of operational system com- 
ponents. 
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Description 

BACKGROUND OF THE INVENTiON 
1. Technical Field 



The present invention relates generally to aircraft 
and military weapon maintenance and repair, and in 
particular to an advanced aircraft/weapon maintenance 
system that provides remote trouble-shooting and tech- 
nical data access capabilities to technicians through a 
wireless link between a handheld point-of-maintenance 
transceiver and a central diagnostics center, thereby 
minimizing maintenance and repair time, costs and req- 
uisite paper reference materials. 

2. Discussion 



A large number of currently deployed military air- 
craft and weapons, such as the F-15E aircraft, were 
designed in the late 1970‘s and early 1980’s with built-in 
test (BIT) logic that indicates to a system operator when 
a system component has failed or requires mainte- 
nance. This BIT logic which is typically designed into a 
system and implemented on a system level through 
both hardware and software, reports system failures or 
malfunctions due to failure of one or more system com- 
ponents which the logic is designed to detect. These 
failures or malfunctions are made known to the system 
operator, such as an F-15 pilot, on a cockpit display 
through a BIT flag identifying the specific failure or mal- 
function. 

In operation, the system will generate significant 
amount of information for analysis by the BIT logic. The 
BIT logic then automatically performs a system-wide 
nodal analysis and can generate equipment mainte- 
nance orders usually signalled by generation of a BIT 
flag, based upon a combination of BIT data and system 
operator observations. Therefore, a component identi- 
fied may be repaired or replaced before the aircraft or 
“weapon fails ormalfunctions on the front line. 

However, conventional BIT logic often generates 
maintenance orders for components when the compo- 
nents are in fact fully operational. As a result, fully oper- 
ational components will often be pulled and replaced. 
Therefore, overall weapon/aircraft maintenance costs 
are increased due to the performance of such unneces- 
sary maintenance procedures. The removal of fully 
operational components also increases the number of 
aircraft or weapons temporarily out of commission and 
increases the number of maintenance technicians 
required to service the equipment. 

In addition, once the BIT logic indicates that an air- 
craft or weapon requires repair and maintenance 
through generation of a BIT flag, technicians must be 
dispatched to the remotely located weapon, or interme- 
diate hub repair points must be set up for servicing of 
these remotely located aircraft or weapons. Due to the 
ever increasing complexity of the electronics imple- 



mented in such systems, the technicians must exhibit a 
high level of training and have a high level of associated 
skill to repair the associated equipment. In ackiition, the 
technicians must have technical reference materials 
5 available to correctly locate and identify a flagged prob- 
lem. For instance, it is estimated that the F-15 aircraft 
has an associated 16,000 pounds of associated techni- 
cal data, paper reference materials, parts and repairs 
manuals, and other related reference materials. As 
10 updated technical data is published at regular periodic 
intervals, it is difficult at best for even the most highly 
skilled and trained technician to keep abreast of the 
most up-to-date information assodated with each 
weapons system. Further, as such repair and compo- 
75 nent replacement must often be performed at locations 
remote from a central repair facility, the assodated ref- 
erence materials are often not readily available to the 
technicians when and where the materials are most 
needed. As is often the case, even updated reference 
20 materials are often months, or years, behind the most 
recently-implemented equipment. 

One possible solution to the above referenced limi- 
tations Includes retrofitting all weapons systems with 
the most current technically advanced BIT and diagnos- 
es tics equipment. Such equipment would minimize false 
pulls of still operative weapon components and would 
greatly reduce time and expense associated with 
weapon repair and maintenance. 

However, retrofitting weapons with this state-of-the- 
30 art technology is presently cost prohibitive and would 
require such systems to be removed from commission 
for a period of time while being retrofitted with the new 
equipment. In addition, such state-of-the-art technology 
would still require a significant amount of associated 
35 paper reference materials and would require techni- 
cians to maintain a high level of knowledge of the most 
current information on the equipment. 

Therefore, it would be desirable to provide a main- 
tenance system for such airaaft and military weapons 
40 systems that would minimize the number of false pulls 
~of~still operative system components. It would also be “ 
desirable to provide a maintenance system that would 
eliminate the need for intermediate, or hub. repair facili- 
ties implemented remotely from a central station and 
45 that would virtually eliminate the associated paper- 
based technical reference materials. This would mini- 
mize the associated time and cost and maximize accu- 
racy and efficiency of system repair and maintenance 
operations. 

50 

SUMMARY OF THE INVENTION 

In accordance with the teachings of the present 
invention, an advanced maintenance system is pro- 
55 vided that utilizes existing system hardware and soft- 
ware. along with on-line technical expertise, to 
substantially enhance maintenance and repair of equip- 
ment such as aircraft and military weapons to reduce 
and/or eliminate removal of fully functional system com- 
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ponents. The maintenance system of the present inven- 
tion utilizes wireless transceivers or a combination of 
high speed land lines and wireless transceivers, In com- 
munication with a central data warehouse. These wire- 
less transceivers eliminate the volumes of technical 
manuals and maintenance information typically associ- 
ated with equipment repair facilities and reduce requi- 
site parts inventories at repair depots. The maintenance 
system of the present invention also initiates and logs 
repair actions and work orders, thereby eliminating the 
need for paper tracking of repairs. The system also pro- 
vides historical maintenance data for a particular air- 
craft or weapon. The maintenance system of the 
present invention thereby provides an information man- 
agement solution to a problem that has characteristi- 
cally been treated as hardware-based. 

In particular, the present invention provides a main- 
tenance system for remotely located equipment com- 
prising a central data storage warehouse for 
electronically storing technical information and for pro- 
viding on-line technical assistance for repairing the 
remotely located equipment. A data transceiver trans- 
mits data to and receives data from the central data 
storage subsystem. A communications link between the 
central data storage subsystem and the wireless data 
transceiver enables accessing of the technical informa- 
tion from the central data storage warehouse by the 
data transceiver. Also, test means is implemented to 
correctly identify failed system components, and thus 
minimize unnecessary pulls of operational equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the invention will 
become apparent upon reading the following detailed 
desaiption and upon reference to the drawings, in 
which: 

FIG, 1 illustrates an overall system diagram of the 
maintenance system according to a preferred 
ertibbdimentljf the present inveritlbhrahd 
FIG. 2 illustrates In block diagram form several 
haidware and software implemented test programs 
that, when implemented with an aircraft/weapon on 
board diagnostics tool, reduce the number of false 
pulls of operational equipment. 

DETAILED DESCRIPTION OF THE PREFERRED 

embodiment 

The following description of the preferred embodi- 
ments is merely exemplary in nature and is in no way 
intended to limit the invention or its application or uses. 

Referring to the drawings. FIG. 1 illustrates an air- 
craft/weapon maintenance system according to a pre- 
ferred embodiment of the present invention generally at 
10. The aircraft/weapon maintenance system of the 
present invention represents a new way of approaching 
the test and diagnostics of both aircraft, or other trans- 



port craft such as tanks or ships, and military weapons, 
parting at the system level or the serial numbered 
assembly and embracing all higher test levels. The 
weapon system of the present invention utilizes com- 
5 mercial, off-the-shelf hardware and information retrieval 
systems, existing technical and maintenance informa- 
tion, and a software-implemented enhancement for 
existing system-level BIT logic, integrated into a single 
system. The weapon system of the present invention 
10 achieves dramatic improvements in fault-detection and 
fault-isolation accuracy, with attendant reductions in 
false removals of fully functional components from air- 
craft, military weapons, or other systems requiring 
maintenance at locations remote from a central mainte- 
15 nance facility. These results enable substantial reduc- 
tions in overall aircraft/weapon logistics footprints, 
reduce spare component requirements, and provide 
reduced depot (permanently installed facility dedicated 
to high volume repair of units, such as F-ISEs, requiring 
20 special engineering support and facilities) and (l-Level 
intermediate repair point deployable with forces at a 
permanent operating location) workloads. 

The key components of the maintenance system of 
the present invention are shown in FIG. 1 . A portable 
25 maintenance aid (PM A) 12 is provided for use by a 
repair technician. The PMA may be used along with 
conventional aircraft/weapon BIT logic, to remotely trou- 
bleshoot an aircraft/weapon 14. shown with an associ- 
ated display 15. for component fault isolation. While 
30 reference will be made throughout to an aircraft or 
weapon, It should be understood that the system repre- 
sented at 14 may also be any other type of system, such 
as tanks, ships, or other vehicles, requiring periodic 
maintenance or repair. The PMA or, optionally, a con- 
55 ventional desktop computer, also provides on-line 
access of a central data warehouse 16 for real-time 
communications and transmittal of technical information 
and data, plus initialization and population of 
repair/work orders. 

40 The central data warehouse includes a technical 
inforhiatibri database' 18 that maihtaihs“elei^ 
nical order arxJ technical manual libraries, and a master 
maintenance history database 20 for all weapons 
entered into the system. The PMA 12 communicates 
45 with the central data warehouse 16 trough a radio link 
22, which may be a local area network operating at an 
FM ground net frequency, or any other similar radio link 
such as those commercially available from companies 
such as Proxin and Cylink. The radio link is in operative 
50 communication with both a deployed file server 24 and 
a satellite terminal 26. The satellite terminal bi-direction- 
ally relays radio signals transmitte3across the radio link 
to a satellite system 28. The satellite system 28 in turn 
relays the signals to a satellite broadcast station 30 
35 operatively associated with the central data warehouse 
16. Each of the above components will be described in 
more detail below. 

The PMA 12 Is a key element of the maintenance 
system of the present invention, as it delivers critical 
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maintenance-related data in real time to and from the 
point of use. The PMA is preferably a commercially 
available hand-held computer such as the units manu- 
factured by Paravant Computer Systems. Allied Signal 
Aerospace, computing Devices International and SAIC. 5 
The PMA preferably has a nominal weight of 5 to 7 
pounds, and includes the associated radio link 22. The 
PMA is capable of providing a technician with mainte- 
nance procedures, illustrations and parts lists down- 
loaded in real time from the central data warehouse 16 10 
to aid the technician in r^air/maintenance work and 
eliminate paper reference materials. Additionally, the 
PMA of the present invention automatically generates a 
network repair order subsequent to isolation of the prob- 
lem at the aircraft or weapon. ,5 

The PMA 12 is implemented to provide automated 
download of BIT data from an aircraft or weapon bus if 
the weapon or aircraft is appropriately configured. For 
example, in the U.S. Department Of Defense environ- 
ment. a convenient means to extract a significant 20 
amount of BIT and related aircraft performance param- 
eters presently exists on aircraft such as the F-15, F-18, 
and F-16. A Data Transfer Module (DTM) or Data Trans- 
fer cartridge (DTC) exists on these aircraft to record test 
and performance parameters during each aircraft sortie 25 
or mission. The DTM or DTC may be removed from the 
aircraft and downloaded off-line (on the F-15 and F-18 
this is known as a Conputerized Fault Reporting Sys- 
tem or CFRS) during the official pilot debrief. Similarly, 
on aircraft such as the Boeing 777, there are 5 access so 
ports to the aircraft bus present for downloading of BIT- 
related information to the PMA. The maintenance sys- 
tem 10 of the present invention can automate this proc- 
ess and provide direct interface to the central data 
warehouse 16. 35 

The base file server 24 is a control and interface 
unit for storing data requested by the PMA and the cen- 
tral data warehouse. The file server also functions as a 
data re-entry point for repopulation of new data at the 
maintenance database 16. Blocks of information may 40 

alsb'B“e download^ to the file sefwTW IbTa^ 

time access as needed. The file server 24 is hooked to 
the commercial satellite terminal 26. The satellite termi- 
nal 26 enables real-time communication via satellite 
between the PMA 12 and the central data warehouse 45 
16. 

The satellite system 28 is of the type that is com- 
mercially available and which utilizes low-cost, commer- 
cial ground stations incorporating Very Small Aperture 
Terminals (VSAT) with 1 to 2 meter antennas, such as so 
the satellite terminal 26. The system 28 provides the 
system 10 of the present invention with real-time, on- 
line satellite communications capability. Thus, one main 
operating terminal located at the data warehouse 1 6 or 
at the file server 24 and utilized for each maintenance ss 1 
activity can communicate with a plurality of PMAs in use 
via the FM ground net radio link 22. Requests for rele- 1 
vant portions of current technical orders or technical I 

manuals for the particular aircraft or weapon under 1 



analysis are made by a technician at the PMA 12 
through the VSAT, which preferably has a narrow-band 
(128 Kbytes/sec) uplink capability. The request is then 
downloaded via wideband downlink (512 kb/sec) to the 
central data warehouse 1 6. It is contemplated that these 
data rates will increase as the associated technology 
matures. This download eliminates the need to distrib- 
ute and control the electronic format In a non-mainte- 
nance environment, such as status tracking, trend 
I analysis, etc.. PC-based terminals may also be inter- 
connected to the satellite system to provide real-time 
communications capability to the central data ware- 
house. 

The satellites that are planned for use are 
extremely reliable and multiple redundant. Typically 
these satellites operate on either Ku-band or C-Band 
frequency. Such satellites are typically in constant use 
for a variety of commercial applications. Therefore, 
there is no associated loss of service or data integrity 
when the system of the present invention is imple- 
mented using the satellites. Communications channel 
space may be procured on an average-demand basis if 
the system of the present invention is implemented in a 
commercial application. There is substantial bandwidth 
available, as communications satellites are multi-chan- 
nel, multi-transponder systems. 

Satellites such as those owned by Hughes Elec- 
tronics. assignee of the present invention, provide full 
coverage for the United States and Europe, and Hughes 
business partners, including TRW, General Electric. 
Hughes-Olivetti, IMPSAT, and numerous others provide 
essentially the remainder of full global coverage. Longer 
distances may require the use of more than one satel- 
lite; however, this requirement is transparent to the user. 
Nominal satellite delays of approximately 250-500 milli- 
seconds may be associated with system transmissions. 

It should also be appreciated that high speed land 
lines, such as co-axial, telephonic tiMsted pair, electro- 
optic cable, or other similar lines could also be used 
exclusively, or in combination with, satellite lines to sup- 
plement the”presenf inveritida 

Reference will now be made to the central data 
warehouse 16. Instructions from the central data ware- 
house 16 are provided via the satellite system 28 
directly to the technician performing tests on the aircraft 
or weapon 14, along with illustrations arrd other perti- 
nent information. Expert help from experienced techni- 
cians is also available at the central data warehouse 
focility. Since one location serves all users, it is conceiv- 
able that a 24-hour staff of experts in each aircraft or 
weapon system be available full time-to assist in resolv- 
ing difficult maintenance problems. 

The interactive electronic technical manual (lETM) 
and library database 18 is implemented at the central 
data warehouse 16. This lETM library database may be 
accessed by PMAs in remote operating locations via the 
radio link 22 and satellite system 28. The technical 
library is created from any source documentation, tech- 
nical manuals. Logistics Support Analysis Record 
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(LSAR), parts illustration, or like record. Upon receiving 
a request for information from a particular technical 
manual, the central data warehouse 16 automatically 
pulls the correct repair procedure, including all recent 
revisions, based upon the transmitted symptoms and 
diagnosed fault at the aircraft or weapon 14. This infor- 
mation is then sent to the requesting PMA. Subse- 
quently, the PMA displays correct 
diagrams/chromatics/part listings and interchangeabil- 
ity to the technician. In addition, the technical manual 
database 18 may direct a guided probe and perform 
additional tests and observations in order to unambigu- 
ously isolate the fault occurring at the aircraft or 
weapon. Such an electronic technical manual database 
thereby eliminates the need to distribute paper or CD 
ROM copies of any technical orders or manuals to field 
technicians arxi eliminates the need for on-site configu- 
ration management of these operating manuals. It 
should also be appreciated that the central data ware- 
house 16 will also accommodate standard technical 
manuals in raster or vector scan format. 

Additionally, information contained in the real-time 
technical manual and lETM library database 1 8 is auto- 
matically provided to the technician. The central data 
warehouse 1 6 contains all technical order information in 
either lETM or raster/vector format, in the technical 
database 18. Instead of distributing a full set of technical 
orders or technical manuals to intermediate hubs 
located near deployed aircraft and/or weapons where 
maintenance is performed, technical order/technical 
maintenance manual (TO/TM) data is maintained only 
at the central data warehouse, which is implemented via 
distributed database methodology, arxi downloaded 
only upon demand to the PMA. This eliminates the need 
to continuously update, print, distribute, and maintain 
paper copies of TO/TMs, and the need to cross-refer- 
ence by Serial Number (SERNO) and configuration 
break-in-point. 

As soon as a TO/TM change is approved, it is 
immediately available to all field technicians. Mainte- 
nance procedures, "Illustrations from anillustrated parts™ 
breakdown reference, parts listings, interchangeability 
data, and provision-type data are all available real-time, 
on-line, to the technician at the flight line or the point of 
maintenance. Alternatively, the information may be 
downloaded periodically to an intermediate database, 
such as the file server 24, which in turn functions as the 
point of access for the PMA 12. 

Referring now to the maintenance database 20, 
having available the most recent, as well as historical, 
maintenance data at the maintenance database for the 
weapon or aircraft being repaired is also extremely use- 
ful. Troublesome component malfunction signals can as 
a result be examined in far greater detail when the sys- 
tem generates a BIT flag, shown at 32 on the operator 
display 15, in response thereto. In general, this BIT flag 
may be any type of indicator that represents a problem 
identified by system BIT logic. For example, if a compo- 
nent often exhibits erroneous fault symptoms when 



installed in a particular aircraft or weapon, such infor- 
mation is provided to the technician. The maintenance 
database is tied in to all levels of maintenance, and is 
populated in real-time by each repair activity as mainte- 
5 nance actions are initiated and completed. This feature 
allows real-time analysis of reliability and maintainability 
factors on a weapon by weapon or aircraft by aircraft 
basis. At higher levels of repair, the logged maintenance 
actions are already present upon arrival of a suspected 
ro faulty component. As soon as repairs to the unit are 
complete, this maintenance action is immediately avail- 
able throughout the entire system. 

The maintenance database 20 also logs and tracks 
all maintenance actions, thereby eliminating the need 
75 for paper forms to document maintenance actions. 
Work/repair orders are opened at the point of use. data 
is entered by the technician using the PMA. This infor- 
mation Is available to all users instantaneously. The 
maintenance history of an aircraft or weapon is updated 
20 automatically. At higher levels of repair such as interme- 
diate hub depots, the data is entered into the system via 
standard PC-based terminals. Real-time trend analysis 
is also performed by the system, as well as continuous 
tracking by serial number of every repairable compo- 
25 nent in the system. It is contemplated that custom sub- 
routines may also be implemented to extract visibility 
data for management and budgeting purposes. 

It should be appreciated at this point that the air- 
craft/weapon maintenance system of the present inven- 
30 tion is extremely flexible and modular in implementation. 

An initial system can be configured to deliver paperless 
technical manuals to desk-top PC-based terminals on 
demand. Such a paperless system eliminates the 
extraordinary delay in printing, distributing and dissemi- 
35 nating technical manuals once the manuals have been 
approved for use. The manuals are merely loaded into 
the system and are immediately available world-wide to 
all users. Maintenance data tracking can be added at a 
later time. 

40 Through the above-mentioned fault identification 
capabilities of the central data warehouse-16,-technl-- — 
dans may be directed to test only failed components, 
thereby avoiding the need to spend more time consum- 
ing and thus more costly, overall system tests. 

45 The aircraft/weapon maintenance system 10 of the 
present invention also indudes an optional feature BIT 
modeling logic, referred to as virtual testadlity, that is 
capable of substantially enhancing the diagnosis of 
failed weapon system components. For purposes of dis- 
50 cussion, the virtual testability logic will be described as 
it is implemented in conjunction with an F-15 radar sys- 
tem. However, it is contemplated that this logic may be 
implemented in other environments In which the mainte- 
nance system of the present invention is implemented. 

55 The logic incorporates the logic of several different tests 
that, when implemented with the on-board diagnostics 
of the weapon or aircraft 14, provide a high degree of 
success in minimizing removal of still-operational sys- 
tem components. The virtual testability logic thoroughly 
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analyzes existing data and may be implemented with lit: 
tie or no changes to existing aircraft system hardware. 
The virtual testability logic utilizes a nodal analysis to 
map performance-related parameters, along with exist- 
ing test access, to provide a more comprehensive 
assessment of performance than would normally be 
accomplished by the existing BIT logic alone. 

Referring in particular to FIG. 2, test blocks repre- 
senting several sequences of virtual testability logic 
implemented in conjunction with an F-15 radar system 
are shown generally at 40. A commercially available 
analytical program, known as Diagnostician and owned 
by Giordano Automation, Inc. of Sparta. New Jersey, is 
shown at block 42. The Diagnostician program utilizes a 
mapped diagnostic knowledge base and an artificial 
intelligence inference engine, mapped into aircraft tacti- 
cal software, such as the operational flight program in 
the F-15. Other modeling techniques for BIT mapping 
are available and equally applicable. 

In addHion to the inference engine and its associ- 
ated knowledge base, the Diagnostician program also 
includes several engineering tools having the capability 
of providing a technician with statistical reports on the 
quality of the data being accumulated by the knowledge 
base. There is virtually no limit to the size of the test 
database on which the .Diagnostician can operate. 
Therefore, it can be utilized vertically at any of the well- 
known tactical, organizational, intermediate, depot and 
manufacturing levels of test to provide automatic com- 
ponent fault isolation. The quality of fault isolation is a 
direct function of the quantity and quality of available 
diagnostics information and system design detail. 

Also. Diagnostician-generated test data can be 
input to its knowledge base. By applying this program to 
the maintenance system of the present invention, the 
knowledge base of the Diagnostician program is 
enriched at each inquiry through its access to the cur- 
rent worldwide histogram of similar fault frequencies 
across the entire fleet of operational aircraft. 

Referring to test block 44, an Operational Flight 
Conplex (OFF) program is shown. Complex avionics ' 
are generally software controlled via an OFP running in 
one or more imbedded or external processors. Radar 
OFPs are extremely complex and inevitably contain 
bugs such as algorithmic or coding errors. These bugs 
can be caused by emors in the software or by artifacts 
that, under certain inflight circumstances, can drive the 
hardware into an unknown state, thus setting a BIT 
component failure flag. The phenomena can occur 
often, rarely, or not manifest itself for years until age has 
caused a hardware performance decrease. 

When set, a BIT flag, such as that shown at 32 in 
FIG. 1 . causes a maintenance action to take place. If 
the technician can not verify the cause of the BIT indi- 
cated failure at the plane, he must remove the most 
probable faulty component, or line replaceable unit 
(LRU), for further testing and repair in a forward area 
intermediate shop or at a rear echelon depot repair facil- 
ity. The reason for the BIT indication may be duplicated 
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and repaired at those facilities. However, typically 
around 50% of such failures are not duplicated when so 
tested. The OFP applies current knowledge and 
advanced analytical tools to identify, remove or operate 
5 around the cause of this class of BIT failure indications. 

With reference to test block 46, there have been 
several attempts to alleviate false LRU pull problems 
through analysis of voluminous existing maintenance 
data for patterns, ancillary symptoms, or other existing 
ro but unrecognized diagnostic clues. Some success has 
been achieved, but a system level analysis has not been 
accomplished in most cases. Indications are that such 
an analysis would contribute significantly to the overall 
solution being pursued. The data analysis approach of 
ts block 46 would collate previous analytical efforts, iden- 
tify the parameters of success so achieved, and do a 
system level analysis of other such parameters that 
contribute to the overall virtual testability concept. 

Reference is now made to test block 48. In the cur- 
20 rent repair cycle, BIT and built in self tests (BIST) iden- 
tify a failure and generate a BIT flag. Depending on the 
specific aircraft and sophistication of the application, 
some diagnostic action must take place before a repair 
is made. Generally, this diagnostic activity is performed 
25 using automated test equipment (ATE) at the aircraft 
itself, in an intermediate shop, or at the depot repair 
facility. At each level, the ATE is significantly different, 
having been built for field deployability or permanent 
residence in a depot. The tests applied are different as 
30 well. These different test routines yield inconsistent 
results. 

As it is not cost effective to replace all the various 
ATE for a weapons system, through careful analysis, the 
most costly problem areas can be identified and made 
35 more consistent with each other. Utilization of the same 
or almost the same detailed test and trouble shooting 
techniques across the repair cycle eliminates another 
portion of the problem of trying to duplicate component 
errors occurring in the field during repair operations. 

40 Reference is now made to test block 50. Current 
BIT/BIST and on-aircraft ATE does'not use all informa- — 
tion available to perform an accurate diagnosis. For 
example, radar systems have test ports that give access 
to bus 10 traffic and other information used in manufac- 
45 faring check out and initial integration. On board mainte- 
nance recorders may be enhanced to record more or 
more pertinent inflight data. Radar sets constantly cali- 
brate internally; this data often highlights component 
failure but is not currently used in diagnostic processes. 
so Implementation of test block 50 to access the above 
data, coupled with advanced analytical programs, pro- 
vides additional improvement of the maintenance sys- 
tem of the present invention. 

When the above test sequences indicated in blocks 
55 42-50 are integrated to form the virtual testability logic, 
the tests, in combination with the on-aircraft diagnostics 
tools represented in test block 52, substantially reduce 
the false removal rate of operational system compo- 
nents. 
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At this point it should be appreciated that the virtual 
testability logic is an optional feature of the maintenance 
system which enhances BIT logic accuracy. However, 
the remaining portions of the maintenance system of 
the present invention are fully functional apart from the s 
new logic. It should also be appreciated that the virtual 
testability logic described above may be applied to any 
system requiring regular repair and testing of compo- 
nents. 

It should also be appreciated that data to be io 
uploaded or downloaded through the maintenance sys- 
tem of the present invention can also be encrypted in 
situations where access to the data or contamination 
thereof has to be rigorously avoided. Standard encryp- 
tion methods such as now used in long-distance com- is 
munications are employed in such cases. 

An alternate operating scenario also exists where a 
user may not desire to radiate or transmit during certain 
periods. In this circumstance, the block of technical 
manuals and/or maintenance data history for the aircraft 2 o 
or weapons to be maintained can be downloaded in 
bulk to the deployed file server, which can then be set 
up for autonomous operation in stand-alone mode with 
a plurality of PM As. Once the blackout period has 
ended, maintenance information from opened 2S 
work/repair orders is uploaded to the central database. 

As is evident from the foregoing description, the 
weapon maintenance system of the present invention 
greatly simplifies the job of the technician. All pertinent 
test/trouble shooting/maintenance information is avails- so 
ble immediately at the flight line, allowing all suspect 
faults and squawks to be accurately and efficiently 
resolved. Excess use of spare components due to false 
removals is nearly eliminated, maintenance times are 
signKicantly reduced, TO distribution/configuration con- 35 
trol/update problems are eliminated, and maintenance 
data analysis is provided automatically, in real-time. 

It should be appreciated at this point that the 
weapon maintenance system of the present invention 
reduces overall maintenance costs in several areas. 40 

First," overall systems'cost is reduced through the mini- - 

mizing of the number of spare components required to 
be kept in inventory, as the maintenance system of the 
present invention requires use of spare parts only when 
the parts or components are truly needed. Second, the 4 s 
system of the present invention provides ease of config- 
uration management in that only one copy of Test Pro- 
gram Set (TPS) and one copy of TO must be maintained 
in the central data warehouse. No field Time Compli- 
ance Technical Orders (TCTOs) need be distributed in so 
the current paper-based format. Third, the system of the 
present invention eliminates the need for warehouses to 
store technical orders and manuals, as the need for 
paper maintenance forms is eliminated. Fourth, the sys- 
tem of the present invention improves the accuracy of ss 
aircraft/weapon repair and maintenance and reduces 
the skill level, experience level and number of techni- 
cians required for accurate and effective air- 
craft/weapon maintenance and repair. 



It is also contemplated that the system 10 accord- 
ing to the present invention may be utilized for informa- 
tion storage and retrieval in connection with other 
systems requiring remote access to any large amount of 
data in real-time. Such systems include large commer- 
cial enterprises, such as trucking companies, automo- 
tive repair activities, and retail establishments or any 
other technical endeavor requiring technician or engi- 
neering access to a large and constantly updated infor- 
mation database where there is extensive field 
maintenance required or where on-line expertise, a cen- 
tralized data reference database for technical manuals 
or product or component configuration history is stored 
and in which satellite-based communications networks 
can be implemented to reduce overall system cost. 

Various other advantages of the present invention 
will become apparent to those skilled in the art after 
having the benefit of studying the foregoing text and 
drawings, taken in conjunction with the following claims. 

Claims 



1 . An equipment maintenance system, comprising: 



a central data warehouse (16) for electronically 
storing technical and historical equipment data: 
a data transceiver (12) for communicating with 
said central data warehouse (16): 
a communications link (22, 26. 28. 30) between 
said central data warehouse (1 6) and said data 
transceiver (12) for linking said central data 
warehouse (16) and said data transceiver (12): 
and 

test means (40) for testing equipment compo- 
nents. said test means (40) identifying tailed 
equipment components and minimizing 
removal of operational equipment components. 



2. The system of claim 1, characterized in that said 
test means (40) comprise diagnostic means (42) 
implemented at said data transceiver ( 12 ) and said - 
central data warehouse (16) for identifying faulty 
equipment components and increasing equipment 
component fault identification accuracy. 



3. The system of claim 1 or 2, characterized in that 
said system (10) provides equipment repair and 
maintenance information to said data transceiver 
(12) in real-time. 

4. The system of any of claims 1 - 3, characterized by 
an intermediate bus hub (24).'said technical equip- 
ment data from said central data warehouse (16) 
being downloaded to said intermediate data hub 
(24) for subsequent retrieval by said data trans- 
ceiver (12). 

5. The system of any of claims 1 - 4, characterized in 
that said test means (40) is implemented at said 
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data transceiver (1 2). 

6. The system of any of claims 1 * 5, characterized in 
that said test means (40) comprises diagnostic 
means implemented at said central data ware- s 
house (16) for supplying test parameters to said 
data transceiver (12) for testing said equipment 
components. 

7. The system of any of claims 1 - 6, characterized by io 
a file server (24) for storing said data requested by 
said central data warehouse (16) and said data 
transceiver (12) prior to said data being transmitted 

by said communications link (22, 26, 28, 30). 

75 

8. The system of any of claims 1-7, characterized in 
that said communications link (22, 26, 28. 30) com- 
prises a wireless data communications link. 

9. The system of any of claims 1 - 8, characterized by 20 
diagnostics means initiated by said test means (40) 

to effect transmission of said data between said 
data transceiver (12) and said central data ware- 
house (16) for equipment trouble shooting and 
equipment maintenance purposes. 25 

10. The system of any of claims 1 - 9. characterized in 
that said communications link (22. 26. 28. 30) com- 
prises a first wireless transmitter (22) implemented 

at said data transceiver (12). a second wireless 30 
transmitter (30) implemented at said central data 
warehouse (16), and a satellite system (26, 28) link- 
ing said first and second transmitters (22. 30). 
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data from the central data storage warehouse (16). A 
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rences of false BIT flags, unnecessary system 
maintenance and removal of operational system com- 
ponents. 
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